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ABSTRACT

Sporadic Creutzfeldt-Jakob disease (sCJD) is a fatal progressive neurodegenerative disease. Multimodal
approaches, including electroencephalogram, diffusion-weighted imaging (DWI) of brain MRI, and
cerebrospinal fluid biomarkers, have been applied to increase the diagnostic accuracy of sCID.
Although previous studies suggested DWI could be the most useful modality for sCID diagnosis,
whether metabolism changes underlying in sCJD are still poorly understood. To the best of our
knowledge, there are only one case using the technique of arterial spin labeling (ASL) to detection
and follow-up of perfusion changes in CJD. Herein, we described a 71-year-old woman presented with
progressive cognitive decline, behavioral and psychological symptoms for two months. The patient
died one month later after her admission. As far as we know, this is the first report using the
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combination of fluorodeoxyglucose positron emission tomography and ASL to explore the metabo-
lism changes in sCJD. Our case exemplifies the difficulty clinicians may face in the diagnosis of sCJD.

Introduction

Prion disease is a rare and fatal neurodegenerative
disorder that affects mammals and humans, with a
mortality rate of 100%. Sporadic Creutzfeldt-Jakob dis-
ease (sCJD) is the most common form of prion disease
[1]. It is generally characterized by rapidly progressing
dementia (RPD), behavioral and psychiatric disorders,
cerebellar ataxia, vision disturbances, akinetic mutism
state and myoclonus [2]. To date, the multimodal ima-
ging studies such as diffusion-weighted imaging (DWTI)
hyperintensity, electroencephalography (EEG), and cer-
ebrospinal fluid (CSF) biomarkers are utilized in con-
junction with the clinical picture to try to make the
diagnosis of CJD without brain biopsy.

Although previous studies suggested DWT could be the
most useful modality for sCJD diagnosis, whether some
metabolism changes underlying in sCJD are still poorly
understood. Only quite a few studies using the '*F-fluor-
odeoxyglucose positron emission tomography (FDG-
PET) to investigate the metabolism changes in sCJD [3].
To the best of our knowledge, there are only one case
using the technique of arterial spin labeling (ASL) to
detection and follow-up of perfusion changes in CJD
[4]. We herein described a 71-year-old woman presenting
with typical clinical features, the findings of MRI, tripha-
sic morphology of EEG and positive 14-3-3 proteins in

CSF. As far as we know, this is the first report using the
combination of FDG-PET and ASL to explore the meta-
bolism changes in sCJD.

Case

A 71-year-old woman presented with progressive cogni-
tive decline, behavioral and psychological symptoms such
as visual hallucinations for two months. Initial neurologi-
cal examination revealed rapidly progressive dementia,
ataxia, tremor and involuntary movements, myoclonus,
visual neglect, mutism, startle myoclonus and dystonia,
urinary incontinence. The biomarkers of autoimmune
encephalitis were unremarkable. The 14-3-3 proteins in
CSF were positive. Cranial MRI indicated diffusion
restriction revolved in entire cortex more on the right,
presenting with hyperintensive signal in the cortex
(Figure 1A). The EEG showed periodic discharges over
bilateral hemisphere with triphasic =~ morphology
(Figure 1B). The findings of FDG-PET (Figure 2) and
ASL (Figure 3) both showed extensive hypoperfusion in
bilateral cortex, thalamus and cerebellum, especially later-
alized to the left hemisphere. The patient died three
months after the initial onset of symptoms. The patient
had no risk factors for familial, new variant, or iatrogenic
CJD. sCJD was the final diagnosis.
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Figure 1. MRI (A) findings of bilateral cortical diffusion restriction presenting with hyperintensive signal in the cortex on diffusion
weighted imaging. EEG (B) showed slowing and periodic discharges over bilateral hemisphere with triphasic morphology.

Figure 2. FDG-PET showed hypoperfusion in bilateral cortex, thalamus and cerebellum, especially lateralized to the left hemisphere.

Discussion

sCJD is a prion disease consequent to accumulation of
misfolded pathogenic prion protein in the brain. As an
untreatable prion encephalopathy, early and accurate diag-
nosis of sCJD is essential to avoid iatrogenic transmission
and to distinguish CJD from other potentially treatable
dementia [5]. Common presenting symptoms are RPD,
behavioral abnormalities, mood disturbance, sleep disor-
ders, startle myoclonus, extra-pyramidal signs and

cerebellar abnormalities. Current clinical diagnostic criteria
mostly depend on clinical features and periodic sharp-wave
complexes on EEG, DWT hyperintensity, and the presence
of 14-3-3 in CSF. Although DWI could be the most useful
modality for the diagnosis of sCJD [6,7], however, the gold
standard for definitive diagnosis is still considered to be
histopathological confirmation. Therefore, the diagnosis of
sCJD is often challenging in clinical practice.



312 (&) J. YUAN ET AL

Figure 3. ASL indicated severe extensive hypoperfusion in the cerebral cortex, basal ganglia, especially lateralized to the left

hemisphere.

Supportive investigations such as EEG, MRI and
CSF biomarkers have a relatively low diagnostic
sensitivity and specificity in sCJD. Considering to
brain metabolism, however, a recent study indicated
the ['®F]-AV-1451 PET was not suitable for patients
with RPD due to sCJD, due to different pathological
process [8]. As for the technique of FDG-PET, it has
an established role in the diagnostic workup of
patients with sCJD [9,10]. We have summarized a
table showing the changes in FDG-PET in sCJD
patients reported from literature (Table 1). To
date, there are only one case using ASL to detection
and follow-up of perfusion changes in CJD [4]. In
this study, ASL showed severe hypoperfusion in the
cerebral cortex, basal ganglia and thalami but this
was least marked in the thalami [4]. However, the
combination of FDG-PET and ASL is quite rare. To
the best of our knowledge, our study is the first case
using combined FDG-PET and ASL to explore the
metabolism changes in patients with sCJD.

The strengths of our case were listed as follows.
Firstly, our case was typical for sCJD due to very
rapid onset of cognitive deficits, myoclonus, ataxia,
visual neglect, and tremor. Brain imaging, CSF bio-
markers, and neurophysiological findings also
revealed typical findings for sCJD as well
Although sCJD and dementia with Lewy bodies
(DLB) have overlapping clinical symptoms, however,
the given this patient’s clinical presentation was
more consistent with CJD than DLB. As a result,
our case exemplifies the difficulty clinicians may
face in the diagnosis of sCJD. Secondly, in spite
that the features of DWI have been pivotal in the

diagnostic workup of sCJD and to be the best pre-
dictor for sCJD [7,11], however, due to the comple-
mentary advantages, the combined techniques of
PET and ASL may give us some more important
information to detect the metabolism changes
underlying in sCJD. Thus, our findings of perfusion
changes such as PET and ASL have been proved to
be more promising values in clinical practice [12].
As far as we know, this is the first report using the
combination of FDG-PET and ASL to explore the
metabolism changes in sCJD. Thirdly, our study
provides an update on the neuroimaging patterns
of sCJD, emphasizing the relevance of MRI and
PET/ASL, and highlighting clinical, genetic, and
imaging correlations in sCJD. Although CJD is typi-
cally associated with diffuse cerebral pathology, our
case also conform it could also present with unilat-
eral neurologic symptoms and concordant MRI and
EEG findings [13].

Conclusion

Herein, we reported a sCJD with the typical clinical pre-
sentations, neuroimaging features, triphasic morphology
of EEG, positive 14-3-3 proteins in CSF, also with the
evidences of hypometabolism using PET and ASL. One of
the limitation was the histopathology was not available in
our case. Novel ultrasensitive seeding assays such as the
real-time quaking-induced conversion of CSF could pro-
vide promising diagnostic information than tests for sur-
rogate markers of sCJD in CSF in future study.



Table 1. The changes in FDG-PET in sCJD patients reported from literature.
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Number/

Literature Population Sex Age range Clinical features FDG-PET findings

Henkel Germany 8 (5F 35-78 years dementia, cerebellar, myoclonus, pyramidal/ spread hypometabolism in CJD, with a reduction
K,2002 3M) extrapyramida, visual, speech of cerebral glucose metabolism in at least one
[11] temporal or parietal region

Engler Sweden 9(5F 4M) 56 + 8 years dementia, aphasia, apraxia, ataxia, myoclonus, pronounced regional decrease in glucose brain
H,2003 rigidity, chorea, akinetic mutism, pyramidal metabolism, which were most pronounced in the
[12] symptoms cerebellum and the frontal, occipital and parietal

cortices

Hamaguchi  Japan 8(4F 4M) 30-75 years dementia, ataxia, and pyramidal and thalamic hypoperfusion or hypometabolism on
T,2005 extrapyramidal signs cerebral blood flow
[13]

Okamura Japan 2(1F 1M) 58-63 years subacutely progressive dementia, gait disturbance, no obvious retention of BF-227 with positron
N,2010 psychotic symptoms, dysarthria and myoclonus  emission tomography
[14]

Zhang USA 1F 72 year falls, ataxia, bizarre behavior and rapid cognitive  basal ganglia and patchy cortical
WJ,2011 deterioration hypometabolism
[15]

Zhang USA. 1F 58 year left-sided decreased sensation, ataxia, and left hypoperfusion and hypometabolism in the right
Y,2012 “alien” hand and leg. frontoparietal cortices, including the primary
[16] sensorimotor cortex, and temporal cortex

Xing China 14 (6F 36-68 years NA hypometabolism was observed in the basal
XW,2012 sM ganglia in 12 patients (85.71%), and 8 patients
[17] (57.14%) had decreased FDG uptake in the

thalamic nuclei on PET scans

Kim EJ, Korea 11 (6F 36-75 years gait disturbance, visual disturbance, obtundation, decreased glucose metabolism in bilateral
2012 [18] 5M) dysarthria, memory impairment, tremor, dementia parietal, frontal, and occipital cortices.

Engler H, Uruguay 1M 64 year dizziness, memory problems, disorientated, visual extreme low glucose uptake in the left brain
2012 [19] hallucinations, speech difficulties, ataxia, hemisphere

myoclonic jerks

Zhao China 57 36-75 years sub-acute onset with progressive dementia abnormalities of hypo-metabolism in the cerebral
W,2013 (24F33M) cortex were clearly detected by PET.

[20]

Renard Belgium 9(4F 52-86 years rigidity and dystonia, shuffling gait, postural hypometabolism in the medial parietal
D,2013 5M) tremor, Shuffling gait, monotone speech, chorea, cortex bilaterally, and in the left-sided lateral and
[3] bradykinesia medial

frontal and the lateral parietal cortex

Furukawa  Japan ™ 52 year gait instability, gait unsteadiness, cognitive low glucose metabolism in the thalami and
F,2014 impairment, dysarthria and hallucinations cerebellar cortices
[21]

Euskirchen  Germany 1F 65 year gait disturbance and vertigo, difficulties to speak reduced FDG metabolism in the basal ganglia
P,2014 and write with spatial correlation to MR lesions
[22]

Ortega- Spain 9 (2M7F) 39-77 years psychological disorder, cognitive impairment, characterised by a cortical-subcortical pattern
Cubero S, cerebellar syndrome
2015 [23]

Prieto Spain 12 (8F 39-77 years psychiatric symptoms, ataxia, cognitive decline, hypometabolism that affected both subcortical
E,2015 4M) vestibular symptoms (bilateral caudate, thalamus) and cortical (frontal
[24] cortex) structures

Matias-Guiu  Spain ™ 80 year gait disturbance, unsteadiness and weakness of  large regions of hypometabolism including left
JA2017 right limbs, disturbance in smooth pursuit and frontoparietal lobes as well as bilateral thalamus
[10] saccadic ocular movements, mild hemiparesis and

bilateral ataxia, spontaneous and action
myoclonus

Miyazawa  Japan ™ 78 year memory impairment, severe aphasia and apraxia. hypometabolism in the posterior cingulate and
N,2017 precuneus cortex, and putamen and caudate
[25] nucleus

Miyazawa  Japan 1F 68 year myoclonus and disturbance of consciousness hypometabolism in the same locations as the
N,2017 foci on MRI and in the cerebellum.

[25]

Renard France 15 (10F  52-86 years cerebellar ataxia, visual signs, pyramidal signs, entire CJD group showed lateralized frontal and
D,2017 5M) myoclonus, limb apraxia, limb dystonia, sensory  parietal hypometabolism
[26] loss, parkinsonism, corticobasal syndrome

Mente KP,  USA 8 (4F 2-32 years  dementia, insomnia, myoclonus, pyramidal ataxia, (1) hypometabolism was found in a few regions,
2017 [27] 4M) visual, behavior, extrapyramidal most frequently in the posterior cingulate gyrus

and precuneus, both of which are in the parietal
lobe.

(2) hypermetabolism was identified in the limbic
and mesolimbic structures, including insula,
medial temporal lobe, nucleus accumbens,
olfactory cortex, and parahippocampal gyrus.

Duignan Ireland 1F 71 year cognitive decline, progressive dysphasia and visual hypometabolism in the temporal and parietal
J,2018 hallucinations. lobes with involvement of the posterior cingulate
[28] gyrus and precuneus bilaterall

sCJD, sporadic Creutzfeldt-Jakob disease. FDG-PET, fluorodeoxyglucose positron emission tomography. NA, not available.
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